
L 

e 

NASA TECHNICAL 
MEMORANDUM 

SOME F L I G H T  MECHAF. I C s  C O N S  
F O R  THE V O Y A G E R  MISSION 

N.1S4 TM x-53654 

/ September 8, 1967 

D E R A T  I ON S 

By Clyde D. Baker, James C. Blair, and Wilton E. Causey 
Aer  0- As tr odynam ics Labor ator y 

NASA 

George C. Murshdll 
S’uce Flight Center, 
Hantsville, Alubumd 

- 
m 

f 
P 

(ACCESSION NUMBER) ITHRU) 

IPAQES) IdODE) 

ICATEOORYI 

$ GPO PRICE 

CFSTI PRICE(S) $ 

Hard copy (HC) fl 
Microfiche (M F) 

ff 653 July 65 

I 



TECHNICAL MEMORANDUM X-53654  

SOME FLIGHT MECHANICS CONSIDERATIONS FOR THE’VOYAGER MISSION 

Clyde D.  Baker, James C .  B la i r ,  and Wilton E .  Causey 

George C .  Marshall  Space F l i g h t  Center 

Hun t sv i l l e  , Alabama 

ABSTRACT 

Four a s p e c t s  of Aero-As trodynamics Laboratory s t u d i e s  of the Voyager 
mis s ion  a r e  discussed as presented i n  a s t a t u s  review t o  Center manage- 
ment. The fou r  a r e a s  a r e  (1) t h e  e f f e c t s  of Earth-Mars-Sun geometry on 
launch o p p o r t u n i t i e s  , 
on t h e  Voyager mission,  ( 3 )  presen t  performance c a p a b i l i t i e s  of t he  
S a t u r n  V Voyager v e h i c l e ,  and ( 4 )  the proposed launch v e h i c l e  load 
r e l i e f  c o n t r o l  system. 

(2)  the inf luence of t r a j e c t o r y  des ign  requirements 
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TECHNICAL MEMORANDUM X-53654 

SOME FLIGHT MECHANICS CONSIDERATIONS FOR THE VOYAGER MISSION" 

SUMMARY 

Four a s p e c t s  of Aero-As trodynamics Laboratory s t u d i e s  of t he  Voyager 
mission a r e  discussed as presented i n  a s t a t u s  review t o  Center manage- 
ment. The fou r  a r e a s  a r e  (1) the e f f e c t s  of Earth-Mars-Sun geometry on 
launch o p p o r t u n i t i e s  , ( 2 )  t he  inf luence of t r a j e c t o r y  des ign  requirements 
on the  Voyager mis s ion ,  (3)  presen t  performance c a p a b i l i t i e s  of the 
Sa tu rn  VIVoyager v e h i c l e ,  and ( 4 )  the proposed launch v e h i c l e  load 
r e l i e f  c o n t r o l  system. 

INTRODUCTION 

A number of f l i g h t  mechanics and systems s t u d i e s  f o r  t he  Voyager 
mission have been underway i n  the Aero-Astrodynamics Laboratory.  A s  a 
review of t he  s t a t u s  of t hese  s t u d i e s ,  s e v e r a l  s p e c i f i c  t o p i c s  have been 
s e l e c t e d  f o r  d i s c u s s i o n ,  i n  order  t o  i n d i c a t e  r e s u l t s ,  expand on p e r t i -  
nen t  t e c h n i c a l  d e t a i l s ,  and po in t  out problem a r e a s .  The d i s c u s s i o n  is 
d iv ided  i n t o  four  major c a t e g o r i e s ,  as o u t l i n e d  i n  f i g u r e  1. The f i r s t  
s e c t i o n  answers the  q u e s t i o n  "Why a r e  t h e r e  v a r i a t i o n s  i n  l e n g t h  of launch 
o p p o r t u n i t y  f o r  t he  v a r i o u s  mission oppor tun i t i e s?"  and p resen t s  the 
advantages and disadvantages of Type I1 t r a j e c t o r i e s  ve r sus  Type I. The 
d i s c u s s i o n  of mission c o n s t r a i n t s  i n  t h e  second s e c t i o n  is  motivated by 
t h e  f a c t  t h a t  t h e  Voyager t r a j e c t o r y  des ign  problem is super-cons t r a i n e d .  
Seve ra l  p a r t i c u l a r l y  seve re  c o n s t r a i n t s  a r e  i d e n t i f i e d  as an  i n d i c a t i o n  
of requirements that must be relaxed.  The t h i r d  s e c t i o n  p r e s e n t s  c u r r e n t  
performance d a t a  f o r  1973 and 1975, and i n d i c a t e s  how the  launch oppor- 
t u n i t y  has shrunk s i n c e  the  time of the o r i g i n a l  g u i d e l i n e s .  P o s s i b l e  
a l t e r n a t e  mission p l ans  a r e  a l s o  discussed.  The f i n a l  s e c t i o n  i n d i c a t e s  
t h e  launch p r o b a b i l i t y  inc rease  provided by a proposed load-re1 i e f  con- 
t r o l  system, along w i t h  f u n c t i o n a l  changes t o  t h e  Sa tu rn  V r equ i r ed  by 
t h i s  system. 

* 
Presented t o  Center  management on August 10, 1967, as Aero-Astrodynamics 
Laboratory 's  c o n t r i b u t i o n  t o  t h e  Voyager S t a t u s  Review. 



GENERAL DISCUSSION 

1. The E f f e c t s  of Earth-Mars-Sun Geometry on Launch Oppor tun i t i e s  

I n  t h i s  s e c t i o n  we w i l l  show how the s o l a r  system geometry pro- 
duces a v a r i a t i o n  i n  t h e  l e n g t h  of t he  launch oppor tun i ty  f o r  the Voyager 
missions of 1973, 1975, 1977 and 1979. Figure 2 ,  which is  a p l o t  of t he  
minimum i n j e c t i o n  energy, C3, ve r sus  time over the time span of i n t e r e s t  
f o r  Type I t r a j e c t o r i e s ,  i l l u s t r a t e s  the ve ry  sha rp  minima i n  i n j e c t i o n  
energy def ining each of t he  launch o p p o r t u n i t i e s ,  approximately 25 months 
apar t .  This 25-month pe r iod ,  known as a synodic  pe r iod ,  i s  de f ined  as 
the  time between the  occurrences of a given h e l i o c e n t r i c  a n g l e  between 
E a r t h  and Mars. Since the launch energy is r e s t r i c t e d  w i t h  the  c u r r e n t  
launch veh ic l e  t o  between 20 and 30 km2/sec2, we a r e  l i m i t e d  t o  launch 
during a s h o r t  span of time f o r  each of t hese  launch o p p o r t u n i t i e s .  I f  
t h e  o r b i t s  of Mars and Ea r th  were c i r c u l a r ,  c o n c e n t r i c ,  and i n  the same 
p lane ,  then a l l  of t hese  minima would be i d e n t i c a l .  But t h e  v a r i a t i o n  i n  
energy required among the launch o p p o r t u n i t i e s ,  which is  appa ren t  i n  the  
f i g u r e ,  is  caused by the f a c t  t h a t  the o r b i t s  a r e  n e i t h e r  c i r c u l a r  nor 
coplanar;  i n  f a c t ,  Ea r th  and Mars o r b i t s  a r e  e l l i p t i c ,  and a r e  i n c l i n e d  
t o  each other  by about 1.85 degrees .  Next, we w i l l  d i s c u s s  the  r e l a t i v e  
c o n t r i b u t i o n  of these two e f f e c t s  t o  the  v a r i a t i o n  i n  energy r e q u i r e d .  

Figure 3 d e p i c t s  a s c a l e  drawing of E a r t h  and Mars o r b i t s  show- 
ing the t r u e  e l l i p t i c i t y  of t he  o r b i t s .  It is  obvious that  the  e l l i p t i c i t y  
is small; the c o n t r i b u t i o n  of e l l i p t i c i t y  t o  the  v a r i a t i o n  of energy 
requirements i s  a l s o  small. This e f f e c t  accounts f o r  a t  most a 13  pe rcen t  
v a r i a t i o n  i n  the  energy r e q u i r e d .  Also shown i n  the  f i g u r e  a r e  four  
t y p i c a l  t r a j e c t o r i e s  f o r  each of the launch o p p o r t u n i t i e s  and a l i n e  of 
i n t e r s e c t i o n  of the Mars o r b i t  w i th  the  e c l i p t i c ,  which is  shown as the  
l i n e  of nodes. What is more s i g n i f i c a n t  than the e c c e n t r i c i t y  e f f e c t s  is  
the f a c t  t h a t  the Mars o r b i t  is  inc l ined  t o  the  e c l i p t i c ;  t h e r e f o r e ,  t he  
r e l a t i o n s h i p  of the p l a n e t s  t o  the i n t e r s e c t i o n  of the two o r b i t a l  planes 
f o r  the var ious o p p o r t u n i t i e s  c o n t r i b u t e s  t h e  g r e a t e r  amount t o  the v a r i a -  
t i o n .  Figure 4, i n  which the  geometry has been exaggerated f o r  i l l u s t r a -  
t i o n  purposes, i n d i c a t e s  the e f f e c t  of t he  o r b i t a l  plane i n c l i n a t i o n  f o r  
t h e  1975 t r a n s f e r .  The i n c l i n a t i o n  of 1.85 degrees  between the  two 
o r b i t a l  planes i s  designated iM and the i n c l i n a t i o n  of t h e  t r a n s f e r  plane - 
which is  defined by the th ree  p o i n t s :  
and the  sun - is designated i T .  
than i M ;  i n  f a c t ,  iT is i n  the  v i c i n i t y  of 4 o r  5 degrees  f o r  1975. I f  
we have a l a rge  va lue  of iT, the energy requirements go up  s h a r p l y  when 
we consider  having t o  s i g n i f i c a n t l y  modify the  i n i t i a l  v e l o c i t y  imparted 
t o  the s p a c e c r a f t  by t h e  E a r t h ' s  o r b i t a l  v e l o c i t y  i n  t h e  e c l i p t i c  of 
30 km/sec. Therefore,  i t  is t h e  i n c l i n a t i o n  of t he  two o r b i t a l  planes 
and the p o s i t i o n  of t he  p l a n e t s  w i th  r e s p e c t  t o  t h e  l i n e  of nodes t h a t  
is the most s i g n i f i c a n t  f a c t o r  a f f e c t i n g  t h e  v a r i a t i o n  i n  launch energy 
r equ i r ed .  

Ea r th  a t  launch,  Mars a t  a r r i v a l ,  
It can be seen  t h a t  i n  1975 i T  is  g r e a t e r  
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The q u e s t i o n  has been r a i s e d ,  Why no t  go t o  Type I1 t r a j e c t o r i e s  
and g e t  a ve ry  long launch window? Figure 5 is an  a t t empt  t o  i l l u s t r a t e  
some of the f a c t o r s  involved and some of t he  energy c o n s i d e r a t i o n s  f o r  a 
Type I1 t r a j e c t o r y .  I n  the  lower right-hand corner  of the f i g u r e ,  we 
have shown schemat i ca l ly  the d e f i n i t i o n  of Type I and Type I1 t r a j e c t o r i e s .  
The sma l l e r  c i r c l e  r e p r e s e n t s  E a r t h ' s  o r b i t  and the  l a r g e r  c i r c l e  r ep re -  
s e n t s  Mars' o r b i t .  A Type I t r a j e c t o r y  is  def ined as one which t r a v e l s  
a h e l i o c e n t r i c  ang le  of l e s s  than 180 degrees ,  and a Type I1 t r a j e c t o r y  
is  de f ined  as one which t r a v e l s  a h e l i o c e n t r i c  ang le  of g r e a t e r  t han  180 
degrees .  The Type I1 t r a j e c t o r y  is longer,  r e q u i r e s  longer  t r a v e l  t ime,  
longer  communication d i s t a n c e s ,  e t c .  Thz p l o t  i n  f i g u r e  5 of minimum c3 
ve r sus  launch d a t e  f o r  the 1975 opportuni ty  is an  expansion of t he  Type I 
curve of f i g u r e  2 i n  the  1975 region.  We have a l s o  shown a minimum energy 
requirement f o r  t h e  Type I1 t r a j e c t o r y .  Cons t r a in t s  on launch oppor tun i ty  
o t h e r  than energy e x i s t ,  b u t  what i s  ind ica t ed  he re  is  the  r e s t r i c t i o n  
imposed on launch oppor tun i ty  from energy cons ide ra t ions  only.  We a r e  
r e s t r i c t e d  i n  launch energy under cu r ren t  Voyager g u i d e l i n e s  t o  a C3 va lue  
of 23.9 km2/sec2, as ind ica t ed  i n  the f i g u r e ,  s o  t h a t  launch cannot be 
achieved f o r  energy va lues  g r e a t e r  than t h i s .  However, t h e r e  a r e  two 
s i d e s  o f  t he  energy q u e s t i o n ,  one being the launch energy as ind ica t ed  by 
C 3  and t h e  second being the energy required f o r  d e c e l e r a t i o n  i n t o  o r b i t  
a t  Mars. This second r e s t r i c t i o n  is i n d i c a t e d  on the c h a r t  as a r e s t r i c -  
t i o n  t h a t  t he  V, (which is hyperbol ic  excess  v e l o c i t y  a t  Mars) be no t  
g r e a t e r  than 3 . 4  km/sec. 
of 1100 x 10,000 km a l t i t u d e ,  w i t h  no r o t a t i o n  of i t s  l i n e  of a p s i d e s .  
Considering bo th  energy requirements ,  w e  a r e  allowed a launch oppor tun i ty  
(from energy cons ide ra t ions  alone)  t h a t  spans the time shown by t h e  s o l i d  
l i n e s  f o r  t he  two types of t r a j e c t o r i e s .  The Type I t r a j e c t o r y  oppor tun i ty  
is  r e s t r i c t e d  t o  about  23 d a y s ,  and the Type I1 t r a j e c t o r y  oppor tun i ty  t o  
about  55 d a y s .  This 22-day inc rease  t h a t  the Type I1 shows over the  Type I 
would have t o  be bought a t  the expense of some o t h e r  c o n s i d e r a t i o n s .  For 
example, t h e  t r a v e l  time is from 40 to  80 pe rcen t  longer f o r  the Type 11. 
Communication d i s t a n c e  is  longer  on the o rde r  of 30 t o  40 p e r c e n t ,  y i e l d -  
ing a lower da ta  r a t e .  The Type I1 is more s e n s i t i v e  t o  guidance e r r o r s  
s o  t h a t  an  a d d i t i o n a l  midcourse could be r equ i r ed .  Also ,  the comrnunica- 
t i o n  geometry would be d i f f e r e n t  from t h e  Type I s o  t h a t  d i f f e r e n t  a r t i c u -  
l a t i o n  would v e r y  l i k e l y  be r equ i r ed  f o r  the antenna system. 

This va lue  of Vm would permit  a terminal  o r b i t  

2 .  The In f luence  of T r a j e c t o r y  Design Requirements on the 
Voyager Miss ion 

There a r e  a g r e a t  many c o n s t r a i n t s  and design requirements 
imposed on the  Voyager t r a j e c t o r y  by s c i e n c e  a n d  engineer ing cons i d e r a -  
t i o n s  of t h e  launch v e h i c l e ,  s p a c e c r a f t ,  and capsule .  Figure 6 is a 
p a r t i a l  l i s t i n g  of the known c o n s t r a i n t s  t h a t  have been imposed on the 
Voyager mis s ion ,  many of which a r e  c o n f l i c t i n g .  Because t h e r e  i s  no 
t r a j e c t o r y  t h a t  w i l l  s a t i s f y  a l l  of t hese  c o n s t r a i n t s ,  t h e r e  is  no 
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s o l u t i o n  for  the Voyager miss ion  des ign  problem i f  we m u s t  o p e r a t e  under 
a l l  of these cond i t ions .  However, a p o s i t i v e  approach can be taken which 
a t t empt s  to i d e n t i f y  from t h i s  l i s t  a small number of c o n s t r a i n t s  which 
a r e  p a r t i c u l a r l y  l i m i t i n g  from a miss ion  des ign  s t a n d p o i n t  - a s e t  of 
c o n s t r a i n t s  which m u s t  be modified o r  e l imina ted  i f  we a r e  t o  ach ieve  a 
Voyager mission. Figure 7 i s  such a l i s t .  F i r s t ,  t h e r e  w a s  o r i g i n a l l y  
a requirement t h a t  Canopus n o t  be occu l t ed  f o r  t he  f i r s t  30 days i n  
Mart ian o r b i t .  This c o n s t r a i n t  has now been relaxed t o  i n d i c a t e  a maxi- 
mum o c c u l t a t i o n  of Canopus of one and one-half  hours pe r  o r b i t a l  r evo lu -  
t i o n .  Canopus o c c u l t a t i o n  is a p a r t i c u l a r l y  r e s t r i c t i v e  c o n s t r a i n t  
from a t r a j e c t o r y  des ign  viewpoint as w i l l  be shown l a t e r .  Second, t h e  
requirement f o r  a s t anda rd  Sa tu rn  V launch v e h i c l e ,  implying a s t anda rd  
Sa tu rn  V con t ro l  system, imposes a n  u n r e a l i s t i c  l i m i t a t i o n  on launch 
p r o b a b i l i t y ,  and t h i s  w i l l  be the  s u b j e c t  of d i s c u s s i o n  i n  the  f o u r t h  
major item of the  p r e s e n t a t i o n .  The t h i r d  c o n s t r a i n t  l i s t e d  i n  f i g u r e  6 
i s  a n  i n d i c a t i o n  of c o n f l i c t i n g  s c i e n c e  and eng inee r ing  requirements  on 
terminal  o r b i t  des ign .  Requirement 3a, which i n d i c a t e s  t h a t  t h e r e  be 
one hour ' s  d i r e c t  l i n k  communication from the  capsu le  t o  e a r t h  fol lowing 
landing of t h e  capsu le ,  imposes a r e s t r i c t i o n  on the  e l e v a t i o n  of t h e  
e a r t h  angle  from the  capsule  s o  as t o  avoid undes i r ab le  e f f e c t s  of t he  
Mart ian atmosphere on the  communication s i g n a l .  Requirement 3b s p e c i f i e s  
t h a t  t he  o r b i t  o f  t he  s p a c e c r a f t  be pos i t i oned  s o  as t o  provide good 
l i g h t i n g  for  t he  o r b i t a l  photography experiments.  The requirements 3a 
and 3b a r e  c o n f l i c t i n g  c o n s t r a i n t s ;  t h a t  i s ,  t h e r e  i s  n o t  one o r b i t  t h a t  
s a t i s f i e s  both of t hese  requirements a t  the  times under c o n s i d e r a t i o n .  
A p o s s i b l e  s o l u t i o n  t o  t h i s  problem would be t o  provide the  c a p a b i l i t y  
f o r  a l a rge  o r b i t  change maneuver. Then the  v e h i c l e  cou1.d go i n t o  a n  
o r b i t  s u i t a b l e  f o r  3 a ,  deploy the  capsu le  and maneuver t o  a n  o r b i t  
f avorab le  f o r  photography, s a t i s f y i n g  t h e  3b c o n s t r a i n t .  However, t h i s  
would r e q u i r e  a d d i t i o n a l  p r o p e l l a n t ,  p o s s i b l y  a d d i t i o n a l  tank des ign  and 
ano the r  burn of t he  s p a c e c r a f t  engine.  

The fou r th  i tem of f i g u r e  6 is no t  s o  much i n  the  n a t u r e  of  a con- 
s t r a i n t ,  but i s  i n  the  n a t u r e  of some information t h a t  needs t o  be 
i d e n t i f i e d  a t  an  e a r l y  p o i n t  i n  the  Voyager program. W e  need t o  iden- 
t i f y  j u s t  what the  magnitude and v e l o c i t y  of a l l  of t he  AV s e p a r a t i o n  
increments a r e  which a r e  imposed on t h e  shroud p i eces  and o t h e r  d e b r i s  
fol lowing i n j e c t i o n  i n t o  t h e  i n t e r p l a n e t a r y  t r a n s f e r .  We need t o  e s t a b -  
l i s h  the  v e l o c i t y  increments imposed by v e n t i n g  a l s o ,  i n  o r d e r  t o  d e f i n e  
the  e f f e c t  of  t h i s  on the  q u a r a n t i n e  requirement  t h a t  w e  n o t  contaminate 
Mars. The f i f t h  c o n s t r a i n t  i s  t he  requirement  t h a t  we have two s t anda rd  
s p a c e c r a f t .  
s u f f i c i e n t  launch p r o b a b i l i t y ,  w e  may have t o  cons ide r  compromising the 
mission t o  g o  w i t h  one s p a c e c r a f t  (o r  modi f ica t ions  t h e r e o f )  i n  o r d e r  t o  
achieve a mission du r ing  the  launch oppor tun i ty .  

I f  our  performance under t h e  g u i d e l i n e s  does n o t  provide 
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Returning t o  the  f i r s t  c o n s t r a i n t ,  the  nex t  two f i g u r e s  w i l l  i n d i -  
c a t e  some of t h e  c o n f l i c t i n g  cons ide ra t ions  that a r e  imposed by o c c u l t a t i o n  
requirements .  
1973 mission.  I n  t h i s  p i c t u r e  Mars is viewed from the  e a r t h  s o  that the  
e a r t h  v e c t o r  is perpendicular  t o  the plane of t he  f i g u r e .  The sun v e c t o r  
i s  i n  t h e  d i r e c t i o n  i n d i c a t e d ,  and the v e c t o r  t o  Canopus is n e a r l y  mutual ly  
pe rpend icu la r  t o  the  e a r t h  and sun vectors.  Thus, i t  can be seen  t h a t  a 
requirement that the  terminal o r b i t  not o c c u l t  Canopus would ve ry  l i k e l y  
c o n f l i c t  w i t h  the  requirement f o r  not o c c u l t i n g  the  sun. Figure 9 is a 
chart which is  used i n  terminal  o r b i t  design.  The a b s c i s s a  is the  i n c l i n a -  
t i o n  of t he  o r b i t  t o  t he  Martian equator and t h e  o r d i n a t e  is  the o r i e n t a -  
t i o n  of t he  l i n e  of aps ides  wi th  r e spec t  t o  the d i r e c t i o n  of asymptote of 
t h e  approach t r a j e c t o r y ,  s o  t h a t  f o r  a g iven  o r b i t  t h e s e  two q u a n t i t i e s  
completely s p e c i f y  the  o r i e n t a t i o n  of t h a t  o r b i t  w i t h  r e s p e c t  t o  Mars. 
The g ray  a r e a  is the a r e a  i n  which the sun is o c c u l t e d ,  and t h e r e  is a 
requirement that t h i s  area must be avoided. The r e d  area is  an a r e a  i n  
which the  e a r t h  is o c c u l t e d ,  and there  i s  c u r r e n t l y  a requirement t h a t  we 
must have e a r t h  o c c u l t a t i o n  i n  order  t o  perform atmospheric  d e n s i t y  p r o f i l e  
experiments.  It might be mentioned p a r e n t h e t i c a l l y  t h a t  t h e  s u b - s a t e l l i t e  
experiment descr ibed by SSL would e l imina te  the requirement  f o r  e a r t h  
o c c u l t a t i o n  and would be f avorab le  from a t r a j e c t o r y  des ign  s t a n d p o i n t .  
The b l u e  area,which accounts f o r  the major p o r t i o n  of t h i s  p l o t , i s  t he  
r e g i o n  i n  which Canopus is occu l t ed .  It is obvious that the  Canopus occul- 
t a t i o n  is t h e  most r e s t r i c t i v e  o c c u l t a t i o n  requirement.  There a r e  o t h e r  
c o n s t r a i n t s  t h a t  a r e  no t  d i r e c t l y  ind ica t ed  b u t  which can be superimposed 
on t h e  terminal  o r b i t  des ign  c h a r t ,  such as the  s a t e l l i t e  photography 
l i g h t i n g  cons ide ra t ions  and t h e  capsule d i r e c t  l i n k  c o m u n i c a t i o n  r e q u i r e -  
ment which were mentioned e a r l i e r .  Also t h e r e  is a l i m i t e d  AV c a p a b i l i t y  
on t h e  v e h i c l e  which l i m i t s  t h e  d e v i a t i o n  from the = 120-degree l i n e .  
I n  summary, the t r a j e c t o r y  des ign  problem is supe r -cons t r a ined .  While the  
l i s t  of c o n s t r a i n t s  t o  be r e l axed  i s  n o t  unique, i t  is a n  i n d i c a t i o n  o f  
what must be modified i n  o rde r  to achieve a Voyager mis s ion .  

Figure 8 d e p i c t s  a Mars arr ival  geometry f o r  a t y p i c a l  

3.  Presen t  Performance C a p a b i l i t i e s  of t he  Sa tu rn  VfVoyager 
Vehicle 

This s e c t i o n  shows t h e  c u r r e n t  Sa tu rn  Vf Voyager performance f o r  
t he  1973 and 1975 missions.  Figure 10 is  a p l o t  of Mars a r r iva l  d a t e  
versus e a r t h  depa r tu re  d a t e  f o r  t he  1973 Type I t r a j e c t o r y  mission.  It 
might be w e l l  t o  review some of the c o n s t r a i n t s  imposed on the  launch 
o p p o r t u n i t y  l e n g t h  a t  t h i s  p o i n t .  The oppor tun i ty  is r e s t r i c t e d  on t h e  
l e f t  by a requirement t h a t  the d e c l i n a t i o n  of the launch asymptote should 
n o t  exceed 36 degrees .  This c o n s t r a i n t  i s  a s s o c i a t e d  w i t h  t h e  r e s t r i c t i o n s  
of launch azimuth from the  Cape. On the r i g h t  t he  launch oppor tun i ty  is 
cons t r a ined  by i n j e c t i o n  energy, C,. The bottom r e s t r i c t i o n  is due t o  the 
l i m i t e d  AV budget and i t s  e f f e c t  on the  hype rbo l i c  excess v e l o c i t y  a t  
Mars (VJ; and t h e  top  r e s t r i c t i o n  is due t o  dec reas ing  oppor tun i ty  l eng th .  
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The o u t e r  s o l i d  l i n e s  a r e  a s s o c i a t e d  w i t h  the o r i g i n a l  VPE-14 g u i d e l i n e s  
which e x i s t e d  when we assumed p r o j e c t  r e s p o n s i b i l i t y  from JPL,  and the 
dashed l i n e s  r e f l e c t  our c u r r e n t  g u i d e l i n e s  imposed by the  Voyager pro- 
j e c t  manager ( s e t t i n g  a given weight and AV budge t ) .  
c u r r e n t  gu ide l ines  have r e s u l t e d  i n  the l o s s  of s e v e r a l  d a y s  of launch 
oppor tun i ty  compared wi th  the  o r i g i n a l  VPE-14 g u i d e l i n e s .  Cur ren t ly ,  f o r  
t he  1973 mission the  launch oppor tun i ty  i s  around 40 d a y s  maximum, dec reas -  
ing t o  25 d a y s  f o r  the l a t e r  a r r i v a l  d a t e s .  This i s  probably not  unreason- 
a b l y  s h o r t ;  however, i n  1975 the  s i t u a t i o n  worsens cons ide rab ly .  

Notice t h a t  the 

Figure 11 i s  a s imilar  p l o t  f o r  t he  1975, Type I mission and 
he re  we can see t h a t  t he  c u r r e n t  g u i d e l i n e s ,  i nc lud ing  a growth from a 
5000-pound capsule t o  a 7000-pound capsu le ,  i n d i c a t e  t h a t  we have a launch 
oppor tun i ty  of only 13 t o  15 days.  While t h e r e  has no t  y e t  been a compre- 
hensive launch p r o b a b i l i t y  a n a l y s i s  run ,  it has been JPL'S experience t h a t  
a launch opportuni ty  of l e s s  than about  20 days w i l l  not  permit a s u i t a b l y  
high p r o b a b i l i t y  of launch during t h a t  t i m e .  We a r e  c u r r e n t l y  below t h a t  
20-day va lue  f o r  the 1975 mission.  Although t h e r e  a r e  some th ings  t h a t  
can be done t o  i n c r e a s e  t h e  l e n g t h  of our launch oppor tun i ty ,  they r e s u l t  
p r i m a r i l y  i n  very s m a l l  i nc reases  while  r e q u i r i n g  inc reased  o p e r a t i o n a l  
complexity. I f  we come near  the c l o s i n g  of a launch oppor tun i ty  wi thou t  
achieving launch, we may have t o  consider  some a l t e r n a t e  mission o r  con- 
t ingency plan.  A number of t hese  a l t e r n a t i v e s  have been i n d i c a t e d  on 
f i g u r e  1 2 .  Here, we consider  t h r e e  o rde r s  of mis s ion  compromise and 
i n d i c a t e  what g r o s s  inc rease  i n  launch oppor tun i ty  these  compromises would 
allow. The f i n a l  column on f i g u r e  12 is  t h e  g ross  i n c r e a s e  i n  launch oppor- 
t u n i t y .  This does no t  t ake  i n t o  account  t he  f a c t  t h a t  t ak ing  the  a c t i o n  
ind ica t ed  i n  the second column would r e q u i r e  de l ay  on the  p a d .  For 
i n s t a n c e ,  cons ide r ing  Mode l -a ,  the  a c t i o n  of o f f - l o a d i n g  of p r o p e l l a n t  
i n  the s p a c e c r a f t  and removal of one capsule  p r i o r  t o  launch would r e q u i r e  
a per iod of time on t h e  pad which would have t o  be s u b t r a c t e d  from the  
14-day g ross  inc rease  i n d i c a t e d  i n  t h e  l a s t  column. Of a l l  of t h e  poss i -  
b i l i t i e s  l i s t e d  on the  c h a r t  (and t h e r e  are p o s s i b i l i t i e s  o t h e r  t han  t h e s e  
s i x )  that can be considered,  the one. r e q u i r i n g  the  l e a s t  o p e r a t i o n a l  com- 
p l e x i t y  is Mode 3,  where the  launch i s  made w i t h  s t anda rd  v e h i c l e ,  two 
s p a c e c r a f t  on board,  and nominal conf igu ra t ion .  Then, i n s t ead  of i n j e c t i n g  
both s p a c e c r a f t  i n t o  i n t e r p l a n e t a r y  t r a n s f e r ,  t h e  f i r s t  s p a c e c r a f t  would 
be sepa ra t ed  and l e f t  i n  t he  e a r t h  o r b i t ,  and t h e  mis s ion  would be con- 
t inued w i t h  only one l ande r  and one o r b i t e r .  This would provide a g ross  
i n c r e a s e  of approximately 1 9  days i n  t h e  launch oppor tun i ty ,  and i n  t h i s  
i n s t a n c e ,  t he re  would be no o p e r a t i o n a l  d e l a y  t o  s u b t r a c t  from it .  This 
is  no t  intended t o  be a comprehensive survey of a l t e r n a t e  p l a n s ,  b u t  i s  
simply an i n d i c a t i o n  of w h a t  could be done i n  t h e  way of mission compromise 
i n  o rde r  t o  achieve a mission during a g iven  launch oppor tun i ty .  
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4. Proposed Launch Vehicle Load Re l i e f  Control System 

Aero-As trodynamics Laboratory has been s tudy ing  the  p o s s i b i l i t y  
of modifying the  f l i g h t  c o n t r o l  of the f i r s t  s t a g e  S a t u r n  VfVoyager 
v e h i c l e  i n  o rde r  t o  enable  the v e h i c l e  t o  withstand h i g h e r  winds wi thou t  
r e q u i r i n g  a s t r u c t u r a l  beef-up. Figure 1 3  is a p l o t  of t h e  p r o b a b i l i t y  
of not  experiencing a wind speed which exceeds t h e  s t r u c t u r a l  des ign  
l i m i t  ve r sus  t h e  fou r  launch o p p o r t u n i t i e s .  The launch oppor tun i ty  
p o i n t s  have been connected by l i n e s  t o  show the  t r e n d s .  The d a t a  on 
t h i s  c h a r t  a r e  based on Apollo-type design c o n s i d e r a t i o n s  (wind p r o f i l e s  
and anomalies) f o r  t h e  c o n t r o l  system. The lower curve i n d i c a t e s  t he  
p r o b a b i l i t y  t h a t  r e s u l t s  from using the c u r r e n t  Apollo-type a t t i t u d e  con- 
t r o l  system f o r  t h e  Voyager v e h i c l e ,  i . e . ,  a c o n t r o l  system which con- 
s i s t s  of a t t i t u d e  and a t t i t u d e  r a t e  feedbacks only.  The upper band 
i n d i c a t e s  t h e  improved p r o b a b i l i t y  that we c u r r e n t l y  p r e d i c t  w i l l  r e s u l t  
from using a l o a d - r e l i e f  c o n t r o l  system c u r r e n t l y  under s tudy  by Honeywell, 
Inc .  The l o a d - r e l i e f  system is represented by a band ins t ead  of a curve 
because t h e r e  a r e  some unresolved quest ions t h a t  are  s t i l l  under s t u d y  on 
t h a t  system. The lower edge of t he  band may be considered a p e s s i m i s t i c  
estimate of w h a t  t he  l o a d - r e l i e f  system w i l l  buy, and t h e  upper l i n e  of 
t h e  band could be considered a n  o p t i m i s t i c  e s t i m a t e  of load r e l i e f  system 
performance. Using the  Apollo-type con t ro l  system i n  1973 produces n e a r l y  
99 pe rcen t  p r o b a b i l i t y ,  whereas by the 1979 launch oppor tun i ty ,  t h i s  va lue  
has  dropped t o  50 pe rcen t  because of the v a r i a t i o n  i n  expected wind va lue  
as the  month of t he  launch opportuni ty  changes from yea r  t o  yea r .  Use of 
t h e  l o a d - r e l i e f  system should r e s u l t  i n  an i n c r e a s e  i n  1979 p r o b a b i l i t y  
t o  between 80 and 90 pe rcen t .  

The message from t h i s  c h a r t  is: I f  we t a k e  t h e  Saturn-Apollo 
des ign  l i m i t  of a p r o b a b i l i t y  of 95 pe rcen t  as a g u i d e l i n e ,  t hen  i n  1973 
we would have no problem w i t h  our cu r ren t  Apollo-type a t t i t u d e  c o n t r o l  
system. However, i n  t he  l a t e r  yea r s ,  i t  becomes imperat ive t h a t  we have 
some s o r t  of r e l i e f  on the  launch p r o b a b i l i t y  problem, and we would 
d e f i n i t e l y  recommend t h e  l o a d - r e l i e f  system f o r  t h e s e  l a t e r  o p p o r t u n i t i e s .  
Although o t h e r  l o a d - r e l i e v i n g  s y s  terns a r e  under s tudy ,  t he  Honeywell sys  tem 
has r ece ived  the  most a t t e n t i o n .  Figure 14 provides  a l i s t i n g  of t he  func- 
t i o n a l  changes t o  t h e  Sa tu rn  V con t ro l  system which are r equ i r ed  by t h i s  
l o a d - r e l i e f  system. F i r s t ,  we  would need t o  add an  accelerometer  i n  the  
p i t c h  channel and one i n  the  yaw channel, w i t h  t h e i r  a s s o c i a t e d  f i l t e r s  
and g a i n  schedul ing.  Also,  it may be necessa ry  t o  provide some continuous 
g a i n  schedul ing i n  t h e  p i t c h  and yaw senso r  channels ,  which would n o t  
n e c e s s a r i l y  be a s o p h i s t i c a t e d  time program b u t  could be ramped g a i n s .  
The system is s t i l l  under s tudy  and we are seeking s imple r  methods t o  
o b t a i n  t h e  same amount of load r e l i e f .  However, t h e  f u n c t i o n a l  changes 
t h a t  we have l i s t e d  h e r e  need t o  be t r a n s l a t e d  i n t o  implementation r e q u i r e -  
ments s o  t h a t  a r e a l i s t i c  assessment of t h e  r e l i a b i l i t y  decrement provided 
by t h e  added hardware may be determined. 
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CONCLUSIONS 

1. For the Mars mission,  the most s i g n i f i c a n t  f a c t o r  producing a 
v a r i a t i o n  i n  l e n g t h  of t he  v a r i o u s  launch o p p o r t u n i t i e s  is  i n c l i n a t i o n  of 
Mars' o r b i t a l  plane t o  the e c l i p t i c .  

2. Type I1 t r a j e c t o r i e s  can provide somewhat longer  launch oppor- 
t u n i t i e s ,  b u t  a r e  undes i r ab le  because they r e q u i r e  longer  t r i p  t ime, 
longer  communication d i s t a n c e ,  and higher  guidance s e n s i t i v i t y .  

3 .  The t r a j e c t o r y  des ign  problem is supe r -cons t r a ined  by the  many 
sc i ence  and engineer ing requirements of the capsu le ,  s p a c e c r a f t ,  and 
launch veh ic l e .  I n  o rde r  t o  achieve a mis s ion ,  some of t he  c o n s t r a i n t s  
m u s t  be modified or  e l imina ted .  

4 .  The launch oppor tun i ty  l eng th  has been reduced s e v e r a l  days by 
c u r r e n t  g u i d e l i n e s ,  compared wi th  o r i g i n a l  VPE-14 g u i d e l i n e s .  The 1975 
Type I launch oppor tun i ty  is  only 13 t o  15 days long,  which is  l i k e l y  t o  
be too s h o r t  t o  a l low a h igh  p r o b a b i l i t y  of launch. 

5 .  Addit ional  days of launch oppor tun i ty  can be achieved toward t h e  
end of an  oppor tun i ty  by o f f - load ing  o r  removing v a r i o u s  payload segments, 
thus compromising the  b a s i c  two-planetary-vehicle  m i s s  ion.  

6 .  It is necessary t o  provide a l o a d - r e l i e f  c o n t r o l  system f o r  f i r s t  
s t a g e  f l i g h t  i n  o rde r  t o  achieve a reasonable  launch p r o b a b i l i t y  f o r  t he  
1977 and 1979 missions without  modifying the  Sa tu rn  V s t r u c t u r e .  A 1973 
mission would not  r e q u i r e  a l o a d - r e l i e f  system. 

7 .  The hardware and r e l i a b i l i t y  imp l i ca t ions  of a proposed load -  
r e l i e f  con t ro l  system should be a s ses sed .  The r e l i a b i l i t y  information 
can then be inpu t  t o  launch p r o b a b i l i t y  s t u d i e s  t o  determine the  r e q u i r e -  
ment f o r  the system i n  t h e  1975 mission.  
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FIGURE: 8. VOYAGER ENCOUNTER GEOMETRY 
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